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1 . (Currently Amended) A rcficncrative electrochemical cell system, comprising: 
a fticl cell module comprising a llicl cell hydrogen inlet in fluid communication a 

hydrogen storage syslcm, and a fuel cell oxygen inlet in fluid communication with both a IjrsXftn 
oxygen source and n secon d oxygo n so urce, w herein the fi rst oxy gen source is from a 
suiToundintj: aUrtoK phcre and the se cond oxy gen sour ce is from w ith-a gaseous portion of an 
oxygen/wiUor phase separation devicc;ji]Kl 

an electrolysis module in Jluid c ommunic ation w ith the fuel c ell modnlc. e^miwi^ing^m 
e I cclai lysi s^nitt^r- i ( ) let i n--tl ui^U'om m uni ctH4efHwi 

moiUde,^aiKl-an-«^ectrolysis^vat-eF-m^llet-in fluid-eenwvunicatioiir^-ittKHjeeond watef-^leH^^^^ 
devieor 

2. (Currently Amended) A regenerative electrochemical cell system as in Claim 1 , 
fnrihcr comprising a hydrogen/water phase separation system comprising a fluid inlet in fluid 
communication with an electrolysis hydrogen outlet, and a gas outlet in fluid communication 
vviih « fuel cell hydrogen inlet, wherein ihe.finid hydrogen/water phase separation system 
comprises an inverLcd hydrogen storage device. 

3. (Currently Amended) A r egenerativ e el ectrochemica l cell s ystem, comprisin g 

a rncl c oll modul e conipri.sin <a a fuel cell hydmscn inl et in fluid co mmunica iion u 

hy([mt>L^n slorai^e syslci^^ a Aiel cel l oxy^T^e n inlet in Jl uid communication w ith bQih_fm 
il>LyHJ^n-^O.U£PPJ'L^^^^^ portion oF an oxv Kcn/vvater p hase sep aration device : 

WC;! cct rp lysjjjjiindiijc^cQ water inlet in f luid communication w ith 

a Hrsl vvnlcr stornf^e devi ce via the fuel cel l modulo, an d an clcc lrolv.^is wa ter outlet in ilitid 
connniiiiication wit h a seco nd water storuv^.e dev ice;jRnd.Ar^j>em^tiv<3 e]ectrG€hewieiil-c^4 
fjyoicni as in C^nim-l^rui ther-eomi-H^isiivg-a heat exchanger disposed in fluid communication with 
the fuel cell modnle and the electrolysis water inlet, such that at least a portion of the water 
passing from the fuel cell modnle would pass through the heat exchanger prior to cntcrhig the 
electrolysis water inlet. 

4 

PAGE 6/29* RCVD AT 9/2/2004 3:19:42 PM [Eastern DayflghtTlme] * SVR:USPT0-EFXIV-1I4* DNI8:8729306* CSID:8602860115* DUWTO 



SEP-02-2004 THU 03:26 PM CANTOR COLBURN LLP FAX NO. 8602860115 P. 



4. (Original) A regenerative electrochemical cell syslcni as in Claim 3, wherein the 
hoal exchanger comprises a. radiator in Ihcrmal communication with a thermal load. 

5. (Original) A regenerative electrochemical cell system as in Claim 4, wherein the 
thermal load comprises a building. 

6. (Original) A regenerative electrochemical cell system as in Claim 1, further 
comprising a power source in electrical communication witli the electrolysis module, wherein tlie 
power source comprises a power selected 0 om the group consisting of solar power, hydroelectric 
povver, tidal power, wind power, and eombinations comprising at least one of the foregoing 
powers. 

7. (Original) A regenerative electrochemical cell system as in Claim 6, funher 
coniprisitig a power conditioner electrically disposed between and in electrical communication 
with the power source and the electrolysis module, 

8. (Original) A regenerative electrochemical cell system as in Claim 6, further 
comprising solar panels in electrical comnumlcation witli the electrolysis module. 

9. (Original) A regenerative electrochemical cell system as in Claini 6, furlhcr 
comprising a wind mill in electrical communication with the electrolysis module. 

10. (Original) A regenerative electrochemical cell system as in Claim 1, furlhcr 
comi)rising a power conditioner clcclrically disposed between and in electrical communication 
with a power load and the fuel cell module. 

11. (Original) A regenerative electrochemical cell system as in Claim 1, further 
comprising an oxygen vent in fluid communication with the oxygen/ water phase separation 
device and a surrounding atmosphere. 
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12. (Onainal) A regenerative clcctrochcinical cell system as in Claim 1 , further 
comprising an operation device in operable conimiimcation with Ihe $ystem, v^hcrcin the 
operation device is selected from iho group consisting of communication devices, control 
devices, and conibinatiojis comprising at least one of the foregoing operation devices, 

13. (Original) A regenerative electrochemical cell system iis in Claim 1 , wherein the 
hydrogen storages system comprises storngc selected from the group consisting of metal hydride 
and cnrbon based storage, and combinations comprising at least one of the foregoing storage. 

14. (Original) A regenerative electrochemical cell system as in Claim 13, wherein the 
storage is in a fonn selected from the group consisting ofparticulatcs, nanofibers, nanotubes, and 
combinations comprising at least one ofthc foregoing fonns. 

1 5. (Ciurcntly Amended) A method for operating a regenerative electrochemical cell 
system, comprising: 

starling np a fuel cell module by introducing feed hydrogen from a hydrogen storage 
system to a fuel cell hydrogen electrode and introducing feed oxygen from an oxygen/water 
))hase sepnration device to a fuel cell oxygen electrode, and reacting hydrogen ions with the jccd 
oxygen 1o generate electricity and fuel cell water; 

once the fuel cell has attained operating conditions, ceasing the introduction ofthc feed 
oxygen, and introducing second oxygen from a suixounding atmosphere to the fuel cell oxygen 
electjode; 

directing the fuel cell water to a water storage device; 

introducing electrolysis water to an electrolysis water electrode, and introducing power to 
an electrolysis module, to produce refuel hydrogen and rcfueloxygen; and 
directing Ihe refuel hydrogen to the hydrogen storage system, 
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] 6, (Currenlly Amended) A method for operating a regenerative clcctrochcmieal eel I 
system as in CUtini 15, further comprising dirccling the refueLoxygcn to the oxygen/water phase 
sc]v.Uiition device, nnd venting at least a portion of tlic rcJjjeLoxygen from the oxygen/water 
phase separation device to the surroiuiding atmosphere, 

1 7. (Original) A method for operatmg a regenerative electrochemical cell system as 
in Claim 1 5, ilirther comprising cooling the fuel cell by directing coolant water from the 
hydrogen/water storage device through the fuel cell to the electrolysis water electrode, ^ ^ 

I S. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 17. further comprising removing themial energy from the cooUint water prior to 
introducing the coolant water to the cleclrolysis water electrode. 

19. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 15, wliercin the power is selected from the group consisting of solar power, 
hydroclcclric power, tidal power, wind power, and combinations comprising at least one of the 
foregoing powers, 

20. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 19, wherein the power comprises solar power, 

21. (Oi iginal) A method for operating a regenerative electrochemical cell system as 
in Clnim 1 5, furlhcr comprising separating refuel hydrogen and refuel water in the hydrogen 
storage system, find wherein the hydrogen storage system comprises an inverted hydrogen device, 

22. (Currently Amended) A method for operating a regenerative electrochemical cell 
system as in Clnim 21, vvhercin llie.sakl-hydrogen storage device further comprises a combined 
liquul-gas connector in fluid conununication with the fuel cell hydrogen electrode. 
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23. (Currently Amended) A mclliod for operating a legenerative electrochemical cell 
system as in Claim 21, wherein JJic.5ai(l-hydrogcn storage device further comprises a gas 
connection, and a gravity liqnid conneclion, 

24. (Original) A method Tor operating a regenerative electrochemical cell system as 
in Claim 15, further comprising directing at least a portion of the refuel hydrogen through a 
ItydrogciVwatcr phase separation device and into the facl cell module as the feed hydrogen. 

25. (Original) A method for operating a regenerative electrochemical cell system as 
in Claun 15, further comprising directing tlic clcctiicily through a power conditioner and to a 
power load, 

26. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 25, wherein the power load is a commercial load selected from the group consisting of 
telecommunicalions, computers, individu£»l businesses, office parks, cable, and combinations 
comprising at least one of the Torcgoing commercial loads. 

27. (Original) A method for operating a regenerative electrochemical cell system as 
in Clain» 25, wherein the power load is a residential load is selected from the group consisting of 
individual homc(s), ncighborhood(s), village(s), and combinations comprising at least one of the 
foregoing residential loads. 

28. (Original) A n^cthod for operating a regenerative eleclrochcmical cell system as 
in Claim 25, wherein the power load comprises a power grid. 

29. (Original) A mclliod for operating a regenerative electrochemical cell system as 
in Clain\ 28, furlher comprising operating the system based upon electricity needs of the power 
grid. 
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30. (Original) A method for opcmling a regenerative electrochemical cell system as 
in Claim 29, furthiir comprisitig directing the elcclricity to a local power load and reducing grid 
power to the local power load 

3 1 . (Original) A method for operating a regenerative electrochemical coll system as 
in Claim 30, fitdher comprising re-directing grid power to a remote power load. 

32. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 1 5, funhcr comprising supplying at least a portion of the feed hydrogen to an external 
hydrogen con,'^uming device. 

33. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 32, wherein the external hydrogen consuming device comprises a vehicle^ 

34. (Orijjinal) A method for operating a regenerative electrochemical cell system as 
in Claim 33, further comprising introducing make-up water to the water storage device from a 
continuous water source. 

35. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 32, wherein the external hydrogen consuming device comprises an appliance. 

36. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 15, funhcr comprising introducing make-up water to the water storage device from a 
continuous water source. 

37. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 15, furll^cr comprising introducing the feed hydrogen based upon a sensor signal of a 
ccMsc in grid power. 
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38. (Original) A niclhod for opcraLiiig a regenerative electrochemical cell system as 
ill Claim 15, rurtlier comprising commencing, the inlroduction of the feed hydrogen based upon a 
sensor signal ofa cease in grid power flow^ 

39. (Origi'ral) A method for operating a regenerative electrochemical cell system as 
in Chiiin 15, Authcr comprising comntcncing the inti*oduction ofthe feed hydrogen based upon a 
sen^ior signal ofinoreased power demand over a predelemiined amount. 

40. (Original) A method for operating a regenerative electrochemical cell system as 
in C^laim 15, further comprising conuncneing the introduction ofthe feed hydrogen based upon a 
sensor signal of operation for system testing. 

41. (Original) A method for operating a regenerative electrochemical cell system as 
hi Chnim 1 5, further comprising remotely controlling the introduction ofthe feetl hydrogen. 

42. (Original) A method for operating a regenerative electrochemical cell system, 
comprising: 

maintaining a fuel cell such that the fuel cell attains an operating temperature in less than 
or equal to about I minute; 

introducing hydrogen to a fuel cell hydrogen electrode and oxygen to a fuel cell oxygen 
electrode; 

forming hydrogen ions and electrons at the fuel cell hydrogen electrodes; 

piissing the elcclrodes thvougli an external load to the fuel cell oxygen electrode; and 

roacling the hydrogen ions with the oxygen at the fuel cell oxygen electrode to fomi 

water, 

43. (Original) A method for operating a regenerative clcctrochcniical cell system as 
in Claim 42, wherein the operating temperature is attained in less than or equal to about 30 
seconds. 
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44. (Original) A method for operating a rcgcnoralivo eleclrocheTnical cell system as 
in Claim 43, wherein Ihc operaling temperature is attained in less than or equal to about 15 
sccoiuls, 

45. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 44, wherein the operating temperature is attained in less than or equal to about 1 
second. 

46. (Original) A method for operating a regenerative eleclrochemical cell system as 
in Claim 45^ wherein the operating temperature is attained in less than or equal to about 40 
milliseconds. 

47. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 45, wherein maintaining the fuel cell further comprises heating the fuel cell. 

48. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 45^ wherein maintaining the fuel cell further comprises introducing the hydrogen to the 
fuel cell hydrogen electrode and the oxygen to the fuel cell oxygen electrode, 

49. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 42, wherein maintaining the fuel cell fi^rlher comprises applying an external voltage to 
the IVicl cell, 

50. (Original) A method for operating a regenerative elcctrochcnucal cell system as 
in Claim 42, wherein maintaining the fuel cell further comprises producing less than or equal to 
about ]0 percent of nominal system power 



11 

PAGE 13129 ' RCVD AT 91212004 3:19:42 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1I4 ' DNIS:8729306 ' CSID:86D2860115 ' DURATION M:08-12 



SEP-02-2004 THU 03:27 PH CANTOR COLBURN LLP 



FAX NO. 8602860115 



P. 



PBS-0033 

51 . (Original) A niclbod for operating a regenerative clcclrochemical cell system as 
in Claim 42, wherein maintaining the fuel cell further comprises producing hydrogen in an 
elcclroly«is module, recovering heat from an oxygen/water stream exiting the electrolysis 
mo(hile, and inlroducing the rect>verod heat to the fuel cell module, 

52. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 42, further comprising intvoducing bridge power to the power load during fuel cell 
sUu'lup. 

53. (Original) A method for operating a regeneiative electrochemical cell system as 
in Claim 52, wherein the bridge power is supplied by a bridge device selected from the group 
coiusisting of a hallery, a capacitor, a flywheel, and a combination comprising at least one of the 
foregoing devices. 

54. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 53, furtlicr coniprising generaliug electricity with the fitel cell and directing the 
electricity to Ihe bridge device. 

55. (Original) A melhod for operating a regenerative electrochemical cell system as 
in Claim 54, ilirthcr comprising generating electricity with the fuel cell module for a sufficient 
period of time after the fuel cell module ceases supplying a power load to recharge the bridge 
device, and directing the electricity to the bridge device after a power supply from the fuel cell to 
a power load ceases. 
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56. (Original) A method for operating a regenerative electrochemieal cell system, 
comprising: 

"inlrotJucing fcc^d hydrogen from a hydrogen storage device to a fuel cell hydrogen 
elcclrode and inlrodiicing feed oxygen to a fuel cell oxygen electrode; 
reacting hydrogen ions with the oxygen to produce water; 

introducing an oxygcn/watcr stream from the fuel cell oxygen electrode through a vortex 
lube lo prodiice h hot slreuni and a cool stream, wherein the hot stream has a higher temperature 
than the cool stream; 

introducing the cool stream to a phase separation device. 

57. (Original) A method for operating a regenerative electrochemical cell system as 
in Claim 56, further comprising venting the hot stream to a sunounding atmosphere. 

58. (Original) An electrochemical regenerative cell system comprismg: 

a first conduit ia fluid communication with a hydrogen storage device and a dryer; 

a first pres-sure regulator disposed in the first conduit between the hydrogen storage 
device and the diyer, the pressure regulator capable of reducing a pressure of a gas stream 
discharged fi^om the hydrogen storage device to the dryer; 

a second conduit in fluid communication with Lhc fuel cell module and at least one of Ihc 
hydrogen storage device and the dryer; and 

a second pressure regulator disposed in the second conduit, wherein a pressure rating for 
the first pressure regulator is equal to or grcatcr than a pressure rating for the second pressure 
regulator. 
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59- (Original) A method for operating a regenerative electi-ochemical cell system, 
comprising: 

introducing water to an electrolysis water electrode and power to an electrolysis module, 
to produce refuel liydrogen ajid electrolysis oxygen; 

directing the refuel hydrogen through a hydrogen storage system consisting essentially of 
a hydrogeny water phase separation device and an inverted hydrogen storage device, wherein the 
refue] hydrogen passes from the electrolysis module, through the hydrogen/water phase 
sci.)aratioji device, past a shut off valve, and into the inverted hydrogen storage device as dried 
hydrogen; 

]\ydrating and fueling a fuel cell module by directing the dried hydrogcji and inverted 
storage device water from llic inverted hydrogen storage device through the hydrogen/water 
phase separation device, and to a fuel cell hydrogen electrode; 

introducing feed oxygen to a fuel cell oxygen electrode; and 

producing water and electricity. 

60, (Original) A. method for operating a regenerative electrochemical cell system, 
comprising; 

introducing feed water to an electrolysis water electrode and power to an electrolysis 
module, to produce refuel hydrogen and electrolysis oxygen; 

directing the refuel hydrogen through a hydrogen/water phase separation device and a 
dryer and into a hydrogen storage device at a pressure, wherein the diyer removes dryer water 
from the refuel hydrogen to fonn a dryer liydrogen; 

hydraling and lueling a fuel cell module by reducing the pressure of the diycr hydrogen to 
a reduced pressure, passing the dryer hydrogen through the dryer, and removing dryer water from 
the dryer to form a Irydralcd hydrogen; 

<1ircciing tlic hydratcd hydrogen to a fuel ceil hydrogen electrode of the fuel cell module; 

introdueii\g feed oxygen to a fuel cell oxygen electrode; and 

producing water and electricity. 
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61 . (Original) A nietlxod for operaling ci legenerative electrochemical cell system as 
in Cinim 60, wherein Ihc reduced pressure of the diyer hydrogen is about 2 psi to about 10 psi 
greater than an operating pressure of the fuel cell module. 

62. (Original) A mcihod for operating a regenerative eleclrochemical cell system as 
in Claim 61 , wherein the reduced pressure of the dryer hydrogen is about 3 psi to about 7 psi 
greater liian an operathig pressure of the fuel cell module. 

63. (New) A regenerative electrochemical cell system, comprising: 

a fuel cell module eoniprisuig a fuel cell hydrogen inlet in fluid communication a 
hydrogen sloragc system, and a fuel cell oxygen inlet in fluid communication with both an 
oxygen source and with a gaseous portion of an oxygen/water phase sqiaralion device, wherein 
the fuel cell oxygen inlet is capable of fluid communication with the oxygen source independent 
of fluid communication with the oxygen/water phase separation device; and 

a)i clcclrolysis module comprising an electrolysis water inlet in fluid communication with 
a firsit water storage device via the fuel cell modulo- 

64. (New) A regenerative electrochemical cell system, comprising: 

a fuel cell module comprising a fuel cell hydrogen inlet in fluid communication a 
liydrogen storage system, and a fuel cell oxygen inlet in fluid communication with both a first 
oxygen source and second oxygen source, wherein the fuel cell oxygen inlet is capable of fluid 
conununication with the fii'st oxygen source independent fluid of communication with the second 
oxygen source; and 

an electrolysis module comprising an electrolysis water inlet in fluid communication with 
a first water storage device via {ho fuel cell module, and an elccti-olysis water outlet in fluid 
communication with a second water storage device, 
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65, (New) A regenerative clcctrocliemical cell system as in Claim 64, wherein the 
fii-st oxygen soLirec comprises an oxygen concenLralion greater than a siUTOund atmosphere 
oxygen concentration, 

66, (New) A method for openUing u regenerative electrochemical cell system, 
comprising: 

starting up a fuel cell modulo by heating the fuel cell module; and introducing feed 
hydrogen from a hydrogen storage system to a fuel cell hydrogen electrode and introducing feed 
oxygen from an oxygen/water phase separation device to a fuel cell oxygen electrode when the 
fuel cell module is not producing electricity, wherein the feed oxygen comprises a feed oxygon 
concentration greater thon a surrounding atmosphere concentration of a surrounding atmosphere; 
and reacting hydrogen ions with the feed oxygen to generate electricity and fuel cell water; and 

once tlic fuel cell has attained operating conditions, ceasing the introduction ofthe feed 
oxygen^ and introducing second oxygen from the surjoundhig atmosphere to the fuel cell oxygen 
electrode, 

67. (New) A rcgeneralivc electrochemical cell system as in Claim 1, wherein the 
electrolysis module comprises an electrolysis water inlet in fluid commimication with a fjrst 
water storage device via the fuel cell module, and an electrolysis water outlet in fluid 
communication Willi a second water storage device. 
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